T he prevalence and natural history of arachnoid cysts in children are not well defined. With the increased use of MR and CT imaging, there has been a corresponding increase in the number of incidentally diagnosed arachnoid cysts. 23, 28, 50, 57 Prior studies focusing on adults estimate arachnoid cyst prevalence between 0.2 and 1.7%. 4, 11, 22, 23, 50 These estimates are based on smaller series of patients, almost all in the adult age range, and did not attempt to define prevalence by age.
Methods

Data Collection
We retrospectively reviewed the electronic records of all patients 18 years of age or younger who had undergone brain MR imaging at the University of Michigan Health System between January 1, 1997, and June 30, 2008. All MR images had been obtained using either a 1.5-or 3-T MR imaging device. All records were reviewed using EMERSE, 15 a search engine that queries all free-text documents within the electronic medical records of a specified patient population. We used EMERSE to identify a population in which the terms "arachnoid" or "cyst" were noted. Afterward, we manually read and viewed the medical and radiological records of all patients in this population to identify those who met the study inclusion criteria. Demographic information, including age and sex, were recorded for all patients. In those with arachnoid cysts, additional data were collected: clinical evaluation reports, presenting symptoms, indication for initial MR imaging study, and, if any surgical treatment was pursued, the surgical data including choice of surgery and outcomes. Imaging characteristics of the arachnoid cysts, including size and location, were noted for patients with MR images available for review. The size of the cysts was measured in the transverse, anteroposterior, and craniocaudal dimensions.
Patients with untreated arachnoid cysts and clinical and MR imaging follow-ups longer than 5 months were evaluated to assess the natural history of the lesions. If more than 2 MR imaging studies had been performed in an individual patient, we evaluated the first and last studies to account for the longest follow-up interval. Cysts were assessed for any changes in size. Data on any clinical changes that occurred during the follow-up period, including progression of symptoms, were collected from the clinical records, and we noted any relationship to the arachnoid cyst and surgical treatment.
Data Analysis
The prevalence of arachnoid cysts in this consecutive series of MR imaging evaluations was calculated for all patients as well as sex-and age-specific groups. For purposes of this analysis, patients were grouped according to age: younger than 1 year, at least 1 year old but younger than 6 years, older than 6 but younger than 13 years, and 13-18 years old. Prevalence data were analyzed using logistic regression. We statistically calculated the correlation between demographics, symptoms, radiological findings, surgical treatment, and any changes over time. Categorical variables were analyzed using the chi-square and Fisher exact tests. Linear variables were evaluated using ANOVA. Multivariate analyses were performed using multinomial logistic regression. Data were analyzed using SPSS software, version 16.0 (SPSS, Inc.).
Results
Prevalence and Initial Presentation
Eleven thousand seven hundred thirty-eight children 18 years of age and younger underwent MR imaging between January 1997 and June 2008. Overall, 309 arachnoid cysts (2.6% prevalence rate) were identified in this population (Fig. 1) . The indications for MR imaging in the patients with these cysts are listed in Table 1 . A large number of MR images were obtained within each age group ( Table 2 ). The prevalence of arachnoid cysts did not vary overall with patient age or age group (p = 0.5). There was an increased prevalence of arachnoid cysts in males (p < 0.000001). Among the patients who underwent MR imaging, 209 arachnoid cysts (3.3%) occurred in 6250 males and 100 cysts (1.8%) occurred in 5488 females (Fig. 2) . Prevalence peaks were noted at 1 and 5 years of age; a prevalence of 3.8% was found at the age of 1 year (4.0% in males and 3.7% in females), and 4.6% at the age of 5 years (6.4% in males and 2.6% in females). Eighteen patients had more than 1 arachnoid cyst. Among these 18 patients, 16 each had 2 arachnoid cysts, 1 had 3, and 1 had 4.
Arachnoid cysts were further analyzed based on location and side (Table 3 ). The middle fossa was the most common location (145 cysts [47%]). Left-sided arachnoid cysts (45%) were more common than right-sided (27%) or midline (28%) cysts. After further analysis based on location and side, we found an increased prevalence of left-sided arachnoid cysts in the middle fossa location (p < 0.000001). In contrast, the posterior fossa had a greater number of midline cysts (p < 0.000001). Although there were considerably more cysts in boys than girls, there was no sex predilection for location or sidedness.
Cyst size was measured in the transverse, anteroposterior, and craniocaudal dimensions (Table 4) , and the mean cyst size was 3.0 × 2.7 × 3.0 cm, respectively. In at least one dimension, 61 cysts (19.7%) were larger than 5 cm. Males had larger cysts than females, with a mean cyst size of 3.1 × 2.8 × 3.1 cm versus 2.5 × 2.4 × 2.6 cm (p = 0.004). Cysts in the anterior fossa were larger than cysts found in other locations (mean 4.2 × 5.2 × 6.0 cm versus 2.9 × 2.7 × 2.9 cm; p = 0.001).
Of the 309 patients with arachnoid cysts, 21 underwent surgical treatment at our institution. The indications for surgery, as defined by the treating surgeon, are listed in Table 5 . No patient had surgical treatment at another center. Initially, 16 presented with symptoms attributed to the arachnoid cyst. Of these patients, 15 were treated immediately and 1 was lost to follow-up. Symptoms developed after a follow-up period of less than 3 months in 2 patients, who underwent surgical treatment at that time; 4 patients underwent surgical treatment after 5 months of follow-up. When evaluated with multivariate analyses, initial cyst size and intracranial location correlated with the presence or development of symptoms and surgical treatment. A larger initial cyst size was associated with the presence or development of symptoms (p = 0.000005) and a recommendation for surgical treatment (p = 0.0001). Anterior fossa and quadrigeminal plate cysts were positively correlated with the presence or development of symptoms (p = 0.004 and p = 0.006, respectively) and surgical treatment (p = 0.0001 and p = 0.03, respectively). A posterior fossa location was negatively associated with the development of symptoms (p = 0.000071) or surgical treatment (p = 0.004).
Natural History
Included in a separate analysis of cyst behavior over time were 111 arachnoid cysts in patients who had undergone clinical and MR imaging follow-ups longer than 5 months without treatment. Patients included in this analysis did not differ from those excluded due to a lack of clinical or imaging follow-up data with respect to cyst size (p = 0.5) or intracranial location (p = 0.9). Included patients were more likely to be younger. The mean age at the time of diagnosis was 6.4 years for this group, and 8.1 years for those excluded (p = 0.006). Twenty-five patients (23%) were under 1 year old, 30 (27%) were 1-5 years, 37 (33%) were 6-12 years, and 19 (17%) were 13-18 years. None of these 111 patients had treatment at other facilities during the follow-up interval.
Each of the 111 patients with follow-up data presented with arachnoid cysts that were thought to be asymptomatic, and no surgical treatment was offered at the time of initial evaluation. After a mean follow-up of 3.5 ± 2.7 years (range 5 months to 16.5 years), 11 arachnoid cysts increased in size, 13 decreased, and 87 remained stable (Tables 6 and 7 and Figs. 3 and 4). After long-term follow-up, new symp- toms attributed to enlarging cysts developed in 3 patients who underwent surgical treatment. One additional patient with an asymptomatic middle fossa arachnoid cyst that had not changed in size underwent a temporal lobectomy for intractable seizures along with concurrent resection of the cyst. A younger age at presentation was significantly associated with cyst enlargement (p = 0.001) and the need for surgery (p = 0.05). No patient older than 4 years at time of initial diagnosis had cyst enlargement, experienced new symptoms, or underwent surgical treatment. The mean follow-up for patients younger than 4 years of age was 3.7 ± 2.9 years, which is not significantly different from the follow-up interval in patients 4 years and older (p = 0.5), indicating that this finding was not merely a reflection of a different practice for follow-up at older ages.
Discussion
The increasing use of intracranial imaging, especially MR imaging, has led to more frequent diagnoses of arachnoid cysts. 23, 28, 50, 57 These lesions can be found incidentally on prenatal ultrasonography, 14, 26 CT, 4, 11 or MR imaging. 22, 23, 50 There are reports of cysts arising de novo, 35, 39, 44, 55 becoming larger or smaller over time, 32, 40, 41 and even resolving spontaneously. 41, 48, 51 Despite the improved identification of arachnoid cysts, their prevalence and natural history have not been well described. Authors of several prior studies have reported on arachnoid cyst prevalence. Weber and Knopf 50 evaluated 2536 MR images obtained in military recruits 17 years of age and older and found 43 arachnoid cysts (1.7%). Katzman et al. 22 analyzed MR images from 1600 asymptomatic adults and children and found 3 arachnoid cysts (0.3% prevalence). These authors did not report the age distribution of the population studied or the prevalence in children. Kim et al. 23 performed the only imaging study that was focused on children. They evaluated 225 MR images obtained in children and found 3 arachnoid cysts (1.3%). Previous studies have documented sex and location peculiarities. Many authors have identified a greater prevalence of arachnoid cysts in males. 18, 21, 27, 34, 43, 53 Others have found a greater prevalence of arachnoid cysts in the middle fossa. 13, 21, 27, 34, 43, 50, 53 A left-sided predominance for middle fossa cysts has also been noted in some studies, 50, 53 although an approximately equal laterality has been shown in others. 27 We evaluated the largest pediatric MR imaging series to date. Among 11,738 children who underwent MR imaging at our institution, 309 arachnoid cysts were identified, resulting in a prevalence of 2.6%. We identified arachnoid cysts in children of all ages. Moreover, we identified a significantly greater prevalence of arachnoid cysts in males, similar to findings in some earlier reports. Middle fossa cysts were most common, with a left-sided predominance. There was no sex predilection for location or side. There was no significant difference in arachnoid cyst prevalence over the pediatric age range. Although arachnoid cysts have increasingly been identified on MR imaging, the natural history and clinical relevance of these lesions is not well understood. Although patients with these cysts occasionally present with neurological signs or symptoms, many authors agree that most arachnoid cysts are asymptomatic and are found only incidentally. 29, 37, 46 Even in cases in which neurological symptoms are present, it is often difficult to properly correlate nonspecific signs and symptoms with the finding of an arachnoid cyst. 29, 46 16, 21, 27 spasticity, 37 hemiparesis, 21, 37 hydro cephalus, 37 sei zure, 27 and the need for more than one surgical treatment after the failure of an initial decompression. 12, 16, 21, 27, 29, 34, 37, 42, 43, 56 Shunt placement carries the additional risk of shunt dependency and overdrainage. 24, 30, 42 The treatment of posterior fossa cysts can sometimes lead to iatrogenic hindbrain herniation. 8, 24, 30 The preference for any given surgical technique over another has been debated 6, 21, 27, 38, 42, 56 and is beyond the scope of this article.
Despite the risks of treatment, many authors agree that clearly symptomatic arachnoid cysts should be treated. 21, 34 In patients with symptomatic arachnoid cysts, treatment can lead to lasting relief of focal neurological deficits. 5, 19, 42 Seizures and headaches often persist, however, even after adequate surgical treatment of the cyst. 27 Given both the difficulty in properly identifying a symptomatic arachnoid cyst and the potential for surgical morbidity, further definition of the surgical indications would be helpful. Di Rocco et al. 7 suggest that intracranial pressure monitoring has a role in selecting candidates for surgical treatment. Martínez-Lage et al. 31 suggest that SPECT analysis of cerebral blood flow may assist with surgical decision making. A recent survey of neurosurgeons indicates that 17.7% would consider surgery for an incidentally identified Galassi Type II sylvian arachnoid cyst, even in asymptomatic cases, 46 with 13.3% citing the potential risk of bleeding as an indication for prophylactic treatment. Of the surveyed surgeons, 35.5% would recommend surgery for a lesion if the patient presented with headaches, and 31.1% would recommend surgery if the patient presented with psychomotor retardation. Hopefully, a better understanding of the prevalence and natural history of these cysts will lead to more informed surgical decisions.
We evaluated 111 patients who each presented with an asymptomatic arachnoid cyst that was found incidentally. Over the follow-up period (mean 3.5 years), cyst enlargement occurred in only 11 patients, and new symptoms developed in just 3 of these patients. Each of the 3 newly symptomatic cases was initially diagnosed in the first year of life (Cases 1-3 in Table 6 ) and was treated at no more than 2.5 years of age. Furthermore, several other patients with cyst enlargement over time (Cases 5-11 in Table 6 ) had only small or modest increases in cyst dimensions that were not associated with any new symptoms. In these cases, it is possible that cyst enlargement was merely the result of interval head growth. During the follow-up interval, no patient who initially presented at an age older than 4 years demonstrated either cyst enlargement on imaging or clinical changes that led to an operation for the cyst. Based on these data, it is clear that radiological or clinical worsening is unusual for incidentally discovered cysts, especially in older children. This finding should reinforce the decision to avoid surgical treatment unless the cyst is symptomatic. It is our practice to recommend serial MR imaging in such patients; we do not offer surgery to patients without symptoms. Furthermore, an increase in lesion size alone, without associated symptoms, is not an indication for surgery in our practice, although we do monitor these patients with more frequent clinical evaluations.
In some cases the clinician may suspect that the cyst is causing or contributing to nonspecific and common difficulties such as developmental delay, headaches, or other cognitive problems. Some propose that arachnoid cysts are frequently symptomatic and argue that any impairment of mental function is likely to improve following surgery. 17, 52, 54 This potential for clinical improvement has been used as a justification for surgery by some surgeons. 17, 52, 54 Although in our practice we offer surgery only when we are convinced the cyst is symptomatic, we acknowledge that this clinical judgment is sometimes difficult when symptoms are common and nonspecific. This point will remain controversial. The data in our series cannot clarify the role of surgery in cases that are only possibly symptomatic. Nevertheless, given the prevalence of arachnoid cysts on MR imaging as well as the prevalence of headaches and cognitive or developmental issues in children, there will clearly be a significant coincidental, not causative, relationship between these two groups. Therefore, we recommend caution when ascribing any developmental or cognitive concerns to the presence of an arachnoid cyst.
Hemorrhage into the subdural space or into the arachnoid cyst has been reported in children with arachnoid cysts. 9, 33, 36 The potential for hemorrhage has been used as a justification for the prophylactic treatment of asymptomatic arachnoid cysts. 46 Although we acknowledge that hemorrhage is possible in patients with these lesions, we believe that it is a rare event. In our study population, only 1 of 309 patients presented with a posttraumatic cystic hemorrhage. Furthermore, hemorrhages associated with arachnoid cysts are linked to generally good outcomes following surgical treatment. 36 We do not believe that the risk of future hemorrhage justifies surgical treatment in patients with incidentally discovered cysts.
There are several limitations to our study. Referral bias may have influenced our results, as physicians are presumably more likely to refer patients with arachnoid cysts who also have neurological symptoms. There is a possible selection bias as well, as the patients who have undergone MR imaging evaluation may have a higher rate of intracranial findings than is expected in the general population. Our natural history analysis included patients who were, on average, slightly younger than those excluded from that portion of the analysis; it is possible that this slight difference may have influenced our data. A minimum follow-up of 5 months was chosen as a criterion for inclusion in the analysis of cyst expansion. The potential for underestimating change exists in any natural history analysis in which the follow-up interval is less than the time period in which the potential for change has been noted. However, given that all instances of growth that were found after many years were asymptomatic, we think it is unlikely that a longer follow-up interval would show a significant increase in clinically relevant cyst changes. Finally, our analysis only included children, and the results may not apply to adults.
Conclusions
Arachnoid cysts are common incidental findings on intracranial imaging in pediatric patients. An older age at the time of presentation is associated with a lack of clinical or imaging changes over time.
